Abstract. Emerging organic contaminants (ECs) are compounds now being found in groundwater from agricultural and urban sources that were previously not detectable, or thought to be significant. ECs include pesticides and degradates, pharmaceuticals, industrial compounds, personal care products, fragrances, water treatment byproducts, flame retardants and surfactants, as well as 'life-style' compounds such as caffeine and nicotine. ECs may have adverse effects on aquatic ecosystems and human health. Frequently detected ECs include the anti-epileptic drug carbamazepine, the antibiotic sulfamethoxazole, the anti-inflammatories ibuprofen and diclofenac, and caffeine, as well as pesticide degradates. This means there will be challenges in the future in order to address these ECs and to minimise their impact on drinking water and ecosystems. In the coming decades, more ECs are likely to have environmental standards defined, and therefore a better understanding of environmental behaviour remains a priority.
Introduction
A diverse array of synthetic organic compounds is used worldwide in large quantities for the production and preservation of food, for industrial manufacturing processes and for human and animal healthcare. In the last few decades there has been a growing interest in the occurrence of these contaminants in the terrestrial and aquatic environment, their environmental fate and their potential toxicity even at low concentrations [1] [2] [3] [4] [5] [6] . The contamination of groundwater resources is a growing concern and relatively poorly understood compared to other freshwater resources [7] . Organic compounds previously not considered or known to be significant in groundwater in terms of distribution and/or concentration, which are now being more widely detected and which have the potential to cause known or suspected adverse ecological or human health effects are here referred to as emerging contaminants (ECs). Synthesis of new chemicals or changes in use and disposal of existing chemicals can create new ECs. ECs also include substances that have long been present in the environment but whose presence and significance are only now being elucidated [8] . As analytical techniques improve, previously undetected organic micro-contaminants are being observed in the aqueous environment [9] [10] . Richardson and Ternes (2011) review recent analytical developments in the emerging contaminant context [11] .
ECs include a wide array of different compounds (as well as their metabolites and transformation products, collectively referred to here as degradates) including: pharmaceuticals and personal care products (PCPs), pesticides, veterinary products, industrial compounds/by-products, food additives as well as engineered nanomaterials. Because of the vast number of possible compounds, many studies have selected ECs according to priority lists established taking into account consumption, predicted environmental concentrations as well as ecotoxicological, pharmacological and physicochemical data [12] [13] [14] [15] [16] [17] .
To date, the occurrence of ECs has been much better characterised in wastewater and surface water environments than in groundwater [7] . Wastewaters are the main sources of ECs in the environment and surface waters therefore contain the greatest loads of ECs. Wastewaters and surface waters are also thought to contain a much greater diversity of compounds compared to groundwater, although this may be simply a function of the capability of analytical methods relative to the generally lower groundwater concentrations and the limited number of groundwater studies.
The occurrence of ECs in surface waters has been reviewed for public water supply [18] , for sources to public supplies, [7] , and for occurrence and fate of ECs and established trace pollutants [19] . The first systematic review of ECs in groundwater, by Lapworth et al. (2012) , highlighted the worldwide widespread contamination of groundwater resources by a large variety compounds that are detected as a result of both recent and historical activities [20] . Environmentally significant concentrations (10 2 -10 4 ng/L) of a range of ECs, including a number of endocrine disrupting substances, are being detected in groundwaters globally. Many of these ECs are among the highest priority substances for treatment and regulation both in terms of their potential environmental and human health effects.
Many ECs remain unregulated and present analytical and institutional challenges [21] . The number of regulated contaminants will continue to grow slowly over the coming decades. Monitoring of anthropogenic micro-organic pollutants in river basins is required within the framework of various national regulations [22] [23] with the overall aim of protecting and improving the quality of water resources.
In the European context groundwater quality is currently regulated under the Water Framework Directive (WFD) [24] , its daughter Groundwater Directive (GD) [22] and drinking water under the Drinking Water Directive [25] . Pesticides are also regulated under the Plant Protection and Biocides Directives [26] [27] . The WFD and the GD establish environmental objectives for protecting groundwater and water bodies and groundwater dependant ecosystems. These require that threshold values (standards) be established for pollutants that put the groundwater body at risk of failing to achieve its environmental objectives. Whilst for many chemical pollutants there is sufficient knowledge to establish threshold values, in the case of most ECs the current lack of knowledge on toxicity, impact, behaviour and limited monitoring data mean that threshold values cannot yet be set.
